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1*1  Pi*  oX.ibt  ladlraat  HeaoaltftiPatlon  Httotlop  for  Detection  of 

Botulin  Toxin 

By:  Major  of  Mod.  Corps  ▼.  A.  SIHITSYS 
(Entered  January  i960) 

(Translated  by:  Edward  Lachowics,  Maryland,  Medical-Legal  Foun¬ 
dation,  Inc.,  700  Float  Straat,  Baltlaora,  Maryland) 

The  prop oration  of  a  quick  nothod  for  a  laboratory  diagnostic 
of  tbo  typoa  A  and  B  botulin  toxina  ap poors  to  ba  an  actual  problaa. 
The  isolation  of  Bao.  botulinua  froa  fooda tuffs,  or  from  subatanoss 
of  a  patiant  or  cadaver,  cannot  ba  regarded  os  a  do  tor* leant  in 
tbo  diognoatics  of  botullaa.  tbs  only  autbonticatlon  can  ba  a  de¬ 
tection  <f  tbs  toxin  and  datoralnation  of  its  typa.  F.A.  CHEBtlOTA, 
S.!.  k/oLEI1  YCHBVa ,  F.D.  iQMATCHEHXO  and  otbar  authors  triad  to  uaa 
t or  this  purposo  a  ring-procipi tation  raaetion.  Bowavar,  tho  aatbed 
was  not  sufficiently  developed  and  it  failed  to  find  tba  acceptance. 

For  tbaaa  reasons  also  tba  raaetion  of  tbo  coaplaaant  fixation  did/ 

i 

not  bacons  prevalent.  8.M.  MINEHTIM  at  al.  proposed  a  aatbod  of  ^ 
datanination  of  tba  pbagooytic  index  in  order  to  detect  botulin  > 
toxin  and  this  test  ia  about  to  !be  approved,  {_ 

Tba  purpose  of  the  current  work  is  to  discuss  BOIBES'S  aatbod 
of  tba  lndireot  beaoglutlnatlon  raaotion,  wbiob  ao  modified  for 
tba  purpose  of  determination  of  tba  types  A  and  £  botulin  toxins 
in  sons  foodstuffs,  T.  EYTSAI  used  this  principle  for  the  first 
tiae  in  1956  in  order  to  determine  botulin  toxin  type  A. 

The  data  and  tba  Investigative  methods.  Botulin  toxina  types 
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i  uil  *«r»  obtained  by  the  following  aethods.  Vo  poured  into  a 
bottle  of  3  liter  capaolty  2.5  liters  of  BOTTIIGEB'S  broth  that 
contained  200  a igj(  of  nitrogen  eaalne.  Then,  we  laaerted  a  cello- 
phaae  sae  with  200  al  of  the  phoephate  buffer  (pH  6.8)  la  a  phyeio- 
lofleal  eolatloa  of  table  ealt.  Ve  covered  the  broth  and  the 
phoephate  buffer  with  a  layer  of  vaaeline  oil.  The  entire  arrangeaent 
was  aterlllaed  In  an  autoclave.  Having  cheeked  the  aterlllty,  we 
Inoculated  the  eellophane  a ace  with  1  al  each  of  a  2-day  culture 
of  Bae.  botullnus  type  A  (strain  98),  or  with  the  type  B  (strain 
255).  This  we  cultivated  for  7  days  at  37°  teaperature.  After  this 
period,  we  puapod  the  culture  liquid  fron  the  cellophane  aaoe, 
separating  It  froa  ale rob lc  bodies  and  we  centrifuged  it  at  8,000 
revolutions  per  alnute  for  20  alnutes.  Then,  the  obtained  botulln 
toxin  was  titrated  on  white  sice  weighing  10  to  12  ga.  Ve  used  for 
•  Pi  a  BiLlsbl  aaount  of  the  toxin,  which,  after  lntraabdoalnal 
adalnlstratAon  la  a  voluae  of  0.5  al,  caused  death  of  alee  within 
96  hours.  Ons  LD  part  of  botulln  toxin  type  A  was  equal  to  C. 00001 5 
al  and  that  of  the  type  B  toxin  was  equal  to  0.0003  al. 

The  seruas  obtained  froa  the  KHARKOV  Scientific  Research 
Institute  of  the  Arsed  forces  were  purified  by  the  “dlaf era-3" 
aethod  of  the  Acadeay  of  Medical  Sciences  and  we  used  ther.  as 
antlbotulln  seruas. 

Tor  nonspecific  antigen  we  used  the  culture  liquid  of  Bac. 
blstolyticus  Vo. 5,  Tibrion  septique  Ho. 59,  Bac.  cedenatlens  Ho. 

277,  Bac.  perfrlngens  type  A,  Bae.  sporogenee,  also  diphtherial 
and  tetanic  anatoxins,  Ve  cultivated  Bao.  botullnus  and  causative 
agents  of  tbs  gaseous  gangrene  group  aecordlrg  to  the  indicated 
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method  of  XXGG-TAfiOTSTSX .  Vo  used  for  nonspecific  antieerum  diph¬ 
therial  antitoxin  froa  TOMSK  Scientific  Seeearoh  Institute  of  the 
Armed  Forces. 


Sheep  corgueolee,  Ve  took  sheep  blood  into  a  sterile  vessel, 
lefibrloated  and  stored  it  in  a  refrigerator  »t  *-4°  temperature. 

On  the  day  of  experiment  *e  waehei  erythrocytes  five  times  with 
a  physiological  solution  of  table  salt  '  pH  7.2)  and  we  prepared 
in  it  a  5%  suspension. 

Tannic  acid.  Vs  prepared  0.1>»  solution  of  tannic  acid  in  a 
physiological  solution  of  tabls  salt  (pH  7.0)  every  time  prior  to 
experiment. 

Solution  of  normal  rabbit  serum,  ft  took  rabbit  blood  froa 
the  heart  the  day  before  the  experiment.  On  the  day  of  experiment 
we  inactivated  the  serum  ir.  a  water  bath  at  56°  temperature  with¬ 
in  30  rninutee.  Tn  order  to  uvoid  nonepeoific  agglutinins,  we  used 
adsorption  by  -iheep  corpuscles,  Be  added  C.5  volume  of  a  3Jt  sus¬ 
pension  of  sheep  corpuscles  to  one  volume  of  a  whole  serum  of  a 
rabbit.  Then,  ws  left  this  at  room  temperature  (17  to  25°)  for 
10  minutes  and  latsr  osntrlfuged,  pumped  and  diluted  with  a  physio¬ 
logical  solution  of  table  salt  (pH  7.0)  at  1:100. 

Sttiiak  Prior  to  carrying  out  the  experiment,  and 

in  order  to  avoid  a  nonepeoific  agglutination,  we  adsorbed  tbs 
material  by  means  of  sheep  corpusoles  (two  drops  of  precipitated 

erythrocyte#  per  1  ml  of  investigated  liquid)  at  room  temperature 
within  10  minutes.  The  suspension  was  centrifuged;  as  th«  liquid 
above  sedimentation  was  separated,  we  made  froa  it  necessary  di¬ 
lutions  in  a  solution  of  a  normal  rabbit's  serum. 


i£S£***±M  o*  zrythrocy tee  with  tannlo  add.  We  advert  one 
volume  of  a  tannic  acid  solution  to  on*  volume  of  a  1%  suspension 
of  erythrocytes.  Then,  as  stirred  the  contents  of  the  teat  tubes 
and  we  heated  thea  for  10  alnutes  in  a  water  bath  ut  37°  (erythro- 
"jrtee  should  settls  down  almost  fully  on  the  button  of  a  test  tuba 
following  a  proper  selection  of  the  concentration  o'  tannic  acid). 
After  heating,  erythrocytes  were  washed  once  with  u  physiological 
solution  of  table  salt  (pH  7.2)  and  resuspended  in  a  physiological 
solution  of  table  eelt  (pH  7.0),  The  resuspent* ion  of  erythroo/tee 
should  provide  a  atabla  homogeneous  sue pens ' on.  The  presence  of 
minute  conglomerates  and  their  rapid  eattling  on  the  bottom  of  a 
teat  tube  indicate  that  a  larger  amount  of  tannic  acid  was  used. 
Similarly  tunned  arythrooytea  are  not  suitable  for  carrying  out 
an  experiment,  because  they  produce  a  spontaneous  agglutination 
in  the  course  of  a  basic  experiment.  If,  however,  after  centri¬ 
fuging,  loose  eedlaent  of  erythrocytes  Is  on  the  bottom  of  s  test 
tubs,  using  than  will  lead  to  a  sharp  daoraasa  of  the  sensitivity 
of  reaction.  Hsnoa,  for  using  d  new  consignment  of  tannic  acid  ws 
recommend  that  its  optimum  concentration  be  determined  in  advance. 
One  should  consider  as  an  optimum  does  such,  with  which  the  hemo- 
glutinatlon  titer  is  ths  highest  in  the  basic  experiment  with 
botulln  toxin  end  with  a  sptolflc  serum. 

Sensitization  of  dhetp  corpuscles.  To  one  v>lune  of  erythro¬ 
cytes  wa  addad  9.3  volume  of  whole  antibotultn  serum  type  A,  or 
ona  volume  of  antibotul in  serum  type  B  and  a  fourfold  amount  ( ac¬ 
cording  to  ths  strum)  of  physiological  solution  of  table  salt 
(pH  6.4).  fa  mixed  this  earefully  and  than  wa  kept  it  tr.  water  bath 
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at  37°  for  15  minutes.  Subsequently,  we  oentrifuged  this,  washed 
tale*  with  a  physlologioal  solution  of  table  salt  (pH  7.0)  and 
reeua pended  in  a  physlologioal  eolation  of  a  noaal  eerua  of  rabbits 
in  a  volume  equal  to  the  volume  of  the  tanned  erythrooytee. 

Arranaeaent  of  the  baelo  experiment.  We  poured  into  test 
tubes, with  inner  disaster  of  6  to  10  aa,  0.5  nl  eaoh  of  dilution 
of  the  exaalned  liquid,  then  we  added  0.1  al  each  of  the  suspension 
of  sensitised  erythrocytes;  we  stirred  this  and  placed  under  thermo- 
eta tie  control  at  37°  until  the  passing  time  of  the  control  reaetion. 
Usually,  the  rseogadtion  of  reaotion  was  possible  within  1.5  hours. 

Bvery  investigation  was  aeooapanled  by  the  following  control: 

I)  0.5  al  of  the  alniaua  diluted  investigated  aaterlal  >  0.1  al 

of  noneensitised  sheep  eorpuaolesi  2)  0.5  al  of  solution  of  normal 

serua  of  a  rabbit  tO.1  al  of  nonaensltised  sheep  erythrooytee; 

J)  0.5  ml  of  normal  serua  of  a  rabbit  ♦  0.1  ml  of  nonsentlsed 
sheep  erythrocytes. 

fe  used  antldlphtherlal  antitoxic  serua  for  the  speolflelty 
test  as  a  control  during  the  examination  of  various  foodstuffs,  as 
well  as  in  testing  soil  and  water. 

Bloloeloal  test  on  white  aloe.  Sines  we  worked  having  previous 
knowledge  of  the  types  of  botulin  toxins,  we  did  not  effect  the 
neutralisation  reaction.  We  aade  biological  tests  in  the  following 
way.  Ve  administered  to  white  alee  (weighing  10  to  12  ga) ,  intra- 
abdoainally,  various  solutions  of  the  extraot  of  investigated  aa¬ 
terlal  in  a  volume  of  1  al  each. 

Before  we  passed  to  the  basic  investigations,  we  oheeked  the 
speolflelty  as t hod  with  the  culture  liquid  of  Bac.  hystolltleus  Io.5, 
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Vibrios  soptiquo  Io.59,  Bao.  oedematiens  Ho. 277,  Bac.  perfringens 
Io.28  type  A,  Bao.  sporogenes,  also  of  diphtherial  aad  tatanie 
aaatoxisa. 


The  axaalsatlon  revealed  that  tha  indlraet  raaction  of  hemo- 
glutisation  is  strlotly  apaoific  aad  it  gives  posit Ira  rasulta 
only  with  a  ooabination  of  antigaa  with  a  apaeific  antiserum.  More¬ 
over,  whila  working  with  antibotulin  aaruaa  typaa  A  aad  B  (sarlaa 
133  and  154),  wa  no tad  a  rsolprocal  agglutination  bstween  tha  typaa 
A  and  B.  Following  a  apaeific  exhaustion  of  thaas  aaruaa  by  botulln 
toxins,  wa  did  not  observe  a  rsolprocal  raaction  and,  at  tha  aaaa 
tins,  the  hemoglutlnation  titar  of  aaruaa  reaainad  as  before. 

Determination  of  botulln  toxin  in  artificial!*  lnfaotsd  salted 


hayping.  a  brief  medical-ohealoal  analysis  of  the  herring!  a  alight 
aaall  of  ammonium,  tha  li taua  reaction  slightly  alkaline;  the  sjb- 
■onia  reaction  positive;  tha  hydrogen  sulfide  reaction  slightly 
positive  and  tha  9.9^  content  of  table  salt. 

Ve  cut  tha  herring  into  pieces  weighing  20  gs  each  and  wa 
adainlstarad  to  aaoh  piece  0.5  ml  of  botulln  toxin  type  A,  or 
1  ml  of  typa  B.  Va  ground  this  is  a  porcelain  nortar  and  added 
for  aaoh  experiment  10  al  of  solution  of  normal  rabbit’s  serum 
and  left  tha  mixture  at  room  temperature  for  1.5  hours.  Subse¬ 
quently,  wa  transferred  tha  paate-llke  mass  on  a  double-layer 
gauaa-napkin  and  suspended  it  In  a  5 -ml  centrifugal  test  tuba 
for  a  1 5-minute  centrifuging  at  4,000  revolutions  par  minute.  Va 
pumped  tha  liquid  from  tha  test  tuba  and  centrifuged  it  again  for 
10  minutes.  Than,  wa  prepared  necessary  dilutions  from  tba  liquid 
found  above  tha  sediments.  In  order  to  avoid  a  spontaneous  agglutl- 
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■a ties  of  erythrooytea,  we  heated  the  tiaaue  extract  1b  water 
lath  at  $6°  for  2  to  3  ainutea  until  lta  coagulation  aet  in,  and 
than  wo  centrifuged  for  5  ainutea  at  4.000  revolutlona  per  alnute. 

The  liquid  obtained  above  the  aediaent  wa a  perfectly  clear,  to 
prevent  a  none pee if ie  agglutination,  one  can  uee  0.1  I  aolutlon 
of  hydrochloric  acid,  whloh  la  neeeaaary  to  add  to  the  extraot  by 
dropa  during  oonatant  nixing  until  the  ooagulatlon  aeta  in.  A  further 
preparation  ia  oazriod  out  analogically  to  the  firat  aethod  after 
heating. 

Ve  ueed  for  biological  teata  the  extract  from  a  herring  with¬ 
out  any  preparation.  Aa  ia  obvloua  froa  the  reaulta  of  one  lnveetl- 
gation  (aeo  table  1).  the  deteetlog  of  botulln  toxin  in  a  herring 
ia  poaelble  with  the  aid  of  the  indirect  heaoglutinatlon  reaction. 

The  aethod  of  the  indirect  heaoglutinatlon  reaotlon  la  aore  aenal- 
tiTo  than  the  blologloal  teat  on  white  alee.  While  beating  the 
extract  that  la  prepared  froa  a  herring,  a  higher  heaoglutinatlon 
titer  can  be  obtained  than  by  the  acid  aethod. 

botulln  toxin  in  artificially  infected  aauaaxe. 
Ve  uaed  for  this  purpoae  two  kinda  of  aauaageet  "aectloned",  and 
"auaoovlte",  l.e.  boiled  and  thoroughly  aaokad. 

Weighed  5  ga  port Iona  of  eaoh  kind  of  aauaage  were  ground  in 
a  porcelain  aortar.  Wo  added  to  each  teat  tube  0.5  al  of  botulln 
toxin  typo  A,  or  1  al  of  type  B,  nixed  it  and  left  it  at  rooa  tenper- 
ature  for  1  hour.  Subaequently,  we  added  to  eaoh  10  al  of  aolutlon 
of  a  normal  rabbit* a  aerua  and  kept  thla  30  ainutea  longer  under 
the  aaae  eoadltioaa.  Then,  we  oentrlfuged  it,  puaped  off  the  liquid 
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above  the  eedlaent  and,  after  adsorption  by  sheep  corpuscles,  vo 
prepared  fro*  this  suitable  dilutions,  using  the  solution  of  normal 
rabbit's  serua  for  indirect  heaoglutination  reset ion,  and  the 
physiologloal  solution  for  biological  test. 

The  results  of  the  examination  of  sausage  as  to  the  presenoe 
of  botulin  toxin  indicated  that  the  aethod  of  determination  of 
botulln  toxin  with  the  aid  of  the  indirect  heaoglutination  reaction 
is  also  aore  sensitive  than  the  biological  teet  on  white  aloe. 

egyingtion  of  preen  peas  and  flounder  c^nn^d  ^ 

tomato  Juice  also  revealed  pertinently  to  the  presence  of  botulln 
toxin  that  the  test  of  indirect  heaoglutination  reaotlon  is  effeotlve 
in  determination  of  botulin  toxins  in  the  oans.  The  method  of  the 
lndlreot  heaoglutination  reaction  is  specific  and  aore  sensitive 
than  the  biological  teat  on  white  aloe. 

Henoe,  the  test  of  the  indirect  heaoglutination  reaction  la 
highly  specific .  Sue  tc  the  reciprocal  agglutination  of  types  A 
and  B  toxins,  it  is  necessary  to  oarry  out  a  specific  exhaustion 
of  the  antlbotulln  seruas.  The  indirect  heaoglutination  reaction 
permits  to  deteralne  and  to  differentiate  a  type  of  botulln  toxin 
(A  froa  B)  in  foodstuffs  with  salted  herring,  in  sausage  and  in 
canned  goods  (green  peas  and  flounder  in  tomato  juice).  This  re¬ 
aotlon  is  aore  sensitive  than  biological  tests  on  white  alee;  de¬ 
pending  on  aaterlal,  the  investigation  time  is  reduced  by  3  to  5 


hours.  The  test  of  the  indirect  heaoglutination  reaction  can  be 
used  as  a  quick  aethod  for  checking  foodstuffs  that  are  suspected 
of  containing  botulin  toxins  of  A  and  B  types. 


rvuealan  word  "aproblrovat" 


uaalan-Englleh  Dictionary,  Prof.  V  ,K  .  MULLER,  1949,  P  a^e  20: 
aprobatalya  »  approbation,  approval;  aproblrovat  *  to 
approbata,  approva. 

uaaian-Kngliah  Tachnical  and  Chemical  Dictionary,  LUDMILLA 

IGNATIEV  CaLIiAHAU ,  1947,  page  19:  aprobatalya  «=  approbation, 
approval;  aproblrovat  «  approbata,  approve. 

uaaian-Englleh  Ibyaica  Dictionary,  IKYING  EMIN,  1963,  page  19: 
aprobatalya  •  approbation,  approval,  confirmation; 
aprobirovanny 1  ■  approved,  taatad; 
aproblrovat  ■  approbata,  approva,  teat. 


